[Abstract] This protocol describes a method for registration of in vivo cortical retinotopic map with cytochrome c oxidase (CO) labeled architectonic maps of the same mouse brain through the alignment of vascular fiducials. By recording surface blood vessel pattern and sequential alignment at each step, this method overcomes the challenge imposed by tissue distortion during perfusion, mounting, sectioning and histology procedures. This method can also be generalized to register and align other types of in vivo functional maps like ocular dominance map and spatial/temporal frequency tuning map with various anatomical maps of mouse cortex.
1. Perform mouse cardiac perfusion under isoflurane anesthesia (5% isoflurane, Gage et al., 2012) with the following steps of perfusion fluids.
a. Saline wash 10 ml/min for 100 ml.
b. 5 µg/ml DyLight 649 lectin 5 ml/min for 25 ml to label blood vessel. d. From the medial side, gently pull out the thalamus, septum and striatum by using a spatula.
Cut off these subcortical tissue.
e. Gently flip the hippocampal formation out and then separate it from cortex using a spatula. Make sure the whole 'sandwich' is fully submerged.
8. Remove 1% PFA and add 4% PFA (see Recipes) in the dish overnight.
9. Remove 4% PFA and add 20% sucrose in the dish overnight. 
In image C recorded in
Step B11, same cortical surface vasculature as that in image B should be visible.
4. When rinsing the sections during CO staining, the rotation speed of the shaker should be less than 20 rpm to avoid displacing sections from the slide.
5. DAB is GHS07, GSH08 hazardous material. Handle with caution.
6. Paraformaldehyde is GHS02, GHS05, GHS07, GHS08 hazardous material. Handle with caution.
7. The resolution of image D, image E and image series F should be high enough that the cross sections of ascending/descending vessels are visible (we used ~3 μm/pixel). 
